M ore than 790,000 Americans have a new or recurrent stroke yearly, 1 and two thirds of the 6.4 million survivors may have significant limitations in walking 2 and are at high risk for falls, 3 fractures, 4 and further decline in mobility. 5 Walking speed predicts the level of disability. At a walking speed of more than 0.8 m per second, full mobility in the community is likely; at a walking speed of less than 0.4 m per second, mobility is limited to the home; and at speeds of 0.4 to 0.8 m per second, mobility is limited to short walks in the community. 6 Improving functional walking capacity is a primary goal of physical therapy interventions.
A report from the National Institutes of Health (NIH) emphasized the need for research to assess the effectiveness and optimal timing, intensity, and duration of poststroke rehabilitation interventions. 7 The Locomotor Experience Applied PostStroke (LEAPS) Trial was designed to address this need by comparing two different therapeutic exercise programs provided by physical therapists to improve the ability to walk after stroke. 8 One intervention was a task-specific walking program that included stepping on a treadmill with partial body-weight support. Pilot studies and small clinical trials [9] [10] [11] [12] [13] [14] [15] [16] suggested that this program was likely to be effective and led to its rapid adoption, resulting in increased use of commercial lifts and robot-assisted stepping on a treadmill. 17, 18 A Cochrane review highlighted the urgent need for a well-designed randomized trial to determine the effectiveness of these interventions. 19 The LEAPS task-specific walking intervention was compared with an exercise program targeted at the most common gait-relevant impairments after stroke: weakness and poor balance. A prior trial had shown that progressive exercises provided by physical therapists in the home improve walking, endurance, and functional mobility. 20 We hypothesized that in addition to usual care (physical therapy provided according to current standards of practice), provision of a specialized locomotor training program that included stepping on a treadmill with body-weight support delivered early (2 months after stroke) or late (6 months after stroke) would be more effective in increasing the proportion of study participants who had higher functional walking levels at 1 year than provision of a control intervention that included progressive strength and balance exercises provided by a physical therapist in the home 2 months after stroke. We also hypothesized that early locomotor training would improve walking speed more than late locomotor training because prior studies suggested that the greatest degree of recovery occurs early 2 and is complete by 6 months. 21 
Me thods

Study Design and Oversight
The protocol and design for this phase 3, singleblinded, randomized, controlled trial have been described elsewhere. 8 The institutional review boards at all participating centers approved the protocol, and all participants provided written informed consent. An independent medical monitor and a data and safety monitoring board were appointed by the NIH. Study biostatisticians had full access to the data and managed quality-control procedures to verify the accuracy and completeness of the data and statistical analyses. All authors contributed to the interpretation of the results and made the decision to submit the manuscript for publication, vouch for the completeness and accuracy of the data, and attest to the fidelity of the report to the study protocol. No commercial support for this study was provided.
Study Population, Screening, and Randomization
Participants were recruited from six inpatient rehabilitation sites in California and Florida. Criteria for inclusion in the study were an age of 18 years or older, a stroke within 45 days before study entry and the ability to undergo randomization within 2 months after the stroke, residual paresis in the leg affected by stroke, the ability to walk 3 m (approximately 10 ft) with assistance from no more than one person and the ability to follow a three-step command, the treating physician's approval of participation in the study, a selfselected speed for walking 10 m of less than 0.8 m per second, and residence in the community by the time of randomization. The primary criteria for exclusion were dependency on assistance in activities of daily living before the stroke, contraindications to exercise, preexisting neurologic disorders, and inability to travel to the treatment site. 8 Patients admitted for inpatient rehabilitation were screened by means of chart review. Eligible patients with a first stroke underwent physical and cognitive screening, and their medical records were subjected to a comprehensive review. 8 At 2 months, patients who still met the eligibility criteria and successfully completed an exercise tolerance test 22 were enrolled in the intervention phase of the study.
After completion of baseline assessments 2 months after the stroke, participants were randomly assigned to early locomotor training, late locomotor training, or home exercise in a ratio of 7:7:6. Treatment assignments were stratified according to the severity of impairment at baseline and the study site to ensure balance among the three groups. 8
Interventions
Physical therapists at each site were trained according to a standardized protocol for the locomotor-training and home-exercise interventions. 8 The programs were controlled for exercise frequency (90-minute sessions, three times per week) and duration (12 to 16 weeks); participants had to complete between 30 and 36 exercise sessions within this period. Participants also received usual care during the study period.
Locomotor training included stepping on a treadmill with partial body-weight support and manual assistance as needed for 20 to 30 minutes at 3.2 km per hour (0.89 m per second [2.0 mi per hour]), followed by a progressive program of walking over ground for 15 minutes. The bodyweight support system (manufactured by Robomedica) provided dynamic, pneumatic control of the patient's weight throughout the gait cycle and provided ergonomic seating for trainers assisting with patients' leg movements. The treadmill (Biodex Medical Systems) speeds ranged from 0 to 1.6 km per hour (0 to 10 mi per hour), increasing by increments of 0.16 km per hour (0.1 mi per hour). The harness (Robertson Harness) could be adjusted for trunk and pelvic support.
The home-exercise program was designed as an active control, not as a high-intensity, taskspecific walking program. Progression through the program was managed by a physical therapist in the home, with the goals of enhancing flexibility, range of motion in joints, strength of arms and legs, coordination, and static and dynamic balance. Participants in this program were encouraged to walk daily.
Outcomes
Participants were assessed before randomization and 6 and 12 months after the occurrence of stroke by physical therapists who were trained in the use of standardized assessment protocols and were unaware of the participants' group assignment. 8 The primary outcome was the proportion of participants with an improved functional level of walking 1 year after the stroke. Improved functional level was defined as the ability to walk independently at a speed of 0.4 m per second or faster for persons with initially severe gait impairment (ability to walk at <0.4 m per second) or at a speed of 0.8 m per second or faster for persons with initially moderate gait impairment (ability to walk at 0.4 m per second to <0.8 m per second). 6, 23 These transitions are associated with improvements in home or community ambulation, functional status, and quality of life. 6, 23 Walking speed was measured as participants were instructed to walk at their usual pace for 10 m over ground. 24 Secondary outcomes included changes at 1 year in the speed at which participants walked a distance of 10 m, the distance walked in 6 minutes, 25 and the number of steps taken per day as measured by an activity monitor. 26 Other outcome measures included scores on the Fugl-Meyer Assessment of Motor Recovery in the legs, 27 the Berg Balance Scale, 28 the Activities-Specific Balance Confidence Scale, 29 the Activities of Daily LivingInstrumental Activities of Daily Living (ADL-IADL) Scale, and the physical mobility and participation domains of the Stroke Impact Scale. 30 Participants recorded any falls in a diary, and the number and nature of the falls were monitored in structured telephone interviews conducted by research assistants. Stroke type was assessed by study neurologists in a review of computed tomographic or magnetic resonance imaging studies. Data on coexisting conditions were obtained from chart reviews and from scores on the self-reported Functional Impact Scale, 31 the Personal Health Questionnaire 9 (PHQ-9) depression scale, 32 and the Mini-Mental State Examination. 33 Information on usual care visits was obtained from participants' monthly logs.
Adverse Events
Death, life-threatening events (stroke, myocardial infarction, or fracture), readmission to the hospital, and occurrence of a new disability or incapacity that led to more than 48 hours of limitation in activities of daily living were considered serious adverse events. soreness or pain that persisted for more than 48 hours; dizziness or faintness; diaphoresis; hypertension or hypotension during exercise that halted the intervention for the day; and deep-vein thrombosis. 8
Statistical Analysis
We used a two-sided significance level of 0.05 to determine whether early or late locomotor training was superior to a home-exercise program in the recovery of ability to walk after stroke. The studywide error rate was controlled by applying Hochberg's step-up procedure 34 to the two primary comparisons. Working from the assumption that 30% of the participants in the home-exercise program would have an improved functional level of walking, we calculated that we would need a sample of 400 participants to detect a clinically relevant effect size of 20%, with 85% power, adjusting for an estimated loss-to-followup rate of 15%. This sample size was also sufficient to detect a mean improvement of 0.1 m per second in walking speed between the early and late locomotor-training groups. The differences in baseline characteristics were compared across the three groups with the use of analysis of variance or a chi-square test. Logistic regression was used to compare the proportions of participants with an improved functional level of walking in the three groups, with adjustment for prespecified covariates (severity of impairment, clinical site, age, stroke type, side of hemiparesis, and presence or absence of depression). The second primary analysis assessed the timing effect and its interaction with the initial severity of gait impairment on the change in walking speed from baseline to 1 year after stroke. Missing data were imputed with the use of the last-observation-carried-forward method in the intention-to-treat analysis and with the use of other procedures in sensitivity analyses (see the Supplementary Appendix, available with the full text of this article at NEJM.org). 8 For other outcome variables, paired t-tests were used to compare within-group improvements, and analysis of variance was used to assess differences across the three groups, followed by pairwise comparisons. The number of steps taken in the community was analyzed with the use of the Kruskal-Wallis procedure. SAS software, version 9.1, was used to perform all statistical analyses.
R e sult s
Characteristics of the Study Population
From April 2006 through June 2009, a total of 4909 patients were screened and 3137 were excluded. At the second screening, 1364 patients were excluded. The most common reasons for exclusion were the presence of one or more major coexisting medical conditions, absence of residual paresis in the leg on the side of the body affected by stroke, absence of a primary diagnosis of stroke, no expectation of home discharge, a self-selected walking speed greater than 0.8 m per second, and refusal to provide informed consent. Nineteen persons did not pass the exercise tolerance test before randomization. Of the 408 participants included in the intention-to-treat analysis, 139 were assigned to early locomotor training, 143 to late locomotor training, and 126 to home exercise. (For further details on study screening and randomization, see the Supplementary Appendix.) No significant differences in baseline characteristics were found across the three groups ( Table 1 ). The mean (±SD) age of the participants was 62.0±12.7 years; 54.9% were men, and 22.1% were black. At randomization, the average number of days since the stroke was 63.8±8.5. A total of 71.1% of participants had had ischemic strokes, 99.5% had modified Rankin scores between 2 and 4 (with 1 indicating no significant disability, 2 slight disability, 3 moderate disability, 4 moderately severe disability, and 5 severe disability), 53.4% walked at a rate of less than 0.4 m per second, and 46.6% walked at a rate between 0.4 m per second and less than 0.8 m per second.
Interventions
The intervention was not completed by 13% of participants in the early locomotor-training group, 17% of those in the late locomotor-training group, and 3% of those in the home-exercise group (P<0.001). All treatment groups progressed as planned in the protocol. The duration of a single home-exercise session (76±10 minutes) was significantly less than that of an early locomotortraining session (83±6 minutes) and a late locomotor-training session (82±5 minutes). The locomotor-training groups had significant increases in the duration of stepping time, decreases in the extent of body-weight support and assistance re- * Plus-minus values are means ±SD. P values were derived from analysis of variance or the chi-square test. For the modified Rankin scale, a score of 0 indicates no symptoms, 1 no significant disability, 2 slight disability, 3 moderate disability, 4 moderately severe disability, and 5 severe disability. For the Mini-Mental State Exam, higher scores indicate higher cognitive function, with a score of 0 to 9 indicating severe impairment, and a score of 25 or more indicating normal function. COPD denotes chronic obstructive pulmonary disease, HE home exercise, LT locomotor training, and PHQ-9 Personal Health Questionnaire 9. † Race and ethnic group were self-reported. ‡ Stroke categorized as affecting a large vessel involved occlusion of a major cerebral artery. § Strokes isolated to the territory of a single, small penetrating artery, most often a lenticulostriate vessel, were classified as lacunae. ¶ Information on these conditions was available for 141 participants in the late LT group. ‖ Diagnosis of depression was based on scores on the PHQ-9 depression scale, which range from 0 to 27, with higher scores indicating greater severity of depression; depression was diagnosed in participants with a score greater than or equal to 10. ** The number of participants taking the Mini-Mental State Exam was 121 in the early LT group, 128 in the late LT group, and 119 in the HE group. † † The extent of impairment in walking speed was determined as severe if walking speed was less than 0. quired, and increases in training speed over 36 sessions (P<0.001 for all three comparisons). During the last three sessions, the average time for stepping on the treadmill was 22±5 minutes, the average maximum treadmill speed was 3.2±0.6 km per hour (2.0±0.4 mi per hour), and the minimum level of body-weight support was 11.9±8.9%. Participants also progressed in the portion of the training involving walking over ground (mean duration, 16.5±4.1 minutes). Participants in the home-exercise group also had improvement in all activities (P<0.001). The mean heart rate during the midpoint of each treadmill training session was 90 beats per minute in both locomotor-training groups and 77 beats per minute in the home-exercise group (P<0.001).
Outside of the study, physical therapy was provided for 81.9% of participants for a period of 2 months to 1 year after the stroke. The majority of the physical therapy sessions occurred in outpatient clinics from 2 to 6 months after the stroke (74.0%). The mean duration of a session was 54±12 minutes, and the mean number of sessions was 25±24. In the early locomotortraining group, 72.7% of participants received usual care physical therapy, as compared with 86.0% of those in the late locomotor-training group and 87.3% of those in the home-exercise group (P = 0.002).
Primary Outcome
The primary outcome of transition to a higher functional level of walking 1 year after the stroke was achieved by 52.0% of all participants, with no significant difference in the proportions of participants making this transition among the three groups. The adjusted odds ratio for the comparison of the early locomotor-training group with the home-exercise group was 0.83 (95% confidence interval [CI], 0.50 to 1.39), and that for the comparison of the late locomotor-training group with the home-exercise group was 1.19 (95% CI, 0.72 to 1.99). The adjusted odds ratio for the effect of each 1-year increase in age on the primary outcome was 0.95 (95% CI, 0.93 to 0.97). The effects of other covariates were not significant. Results similar to those from the primary analysis were obtained in sensitivity analyses.
Secondary Outcomes
The mean change in comfortable walking speed from baseline to 1 year after stroke was 0.23± 0.20 m per second in the early locomotor-training group and 0.24±0.23 m per second in the late locomotor-training group ( Table 2 ). The timing of locomotor training (early vs. late) did not affect changes in walking speed 1 year after stroke (Fig. 1) . No significant interaction was found between baseline severity of walking impairment and the timing of locomotor training in their effects on change in walking speed.
Six months after the stroke, the early locomotor-training group and the home-exercise group had similar gains in walking speed (0.25±0.21 m per second and 0.23±0.20 m per second, respectively), and these gains were sustained at 1 year. The late locomotor-training group improved walking speed by 0.13±0.14 m per second at 6 months and by 0.24±0.23 m per second at 1 year.
All groups had a similar improvement from baseline to 1 year in the distance walked in 6 minutes, the number of steps taken in the community, activities of daily living, physical mobility and social participation, motor recovery, and balance (Table 2) . Participants in the early interventions (early locomotor training and home exercise) had improvements at 6 months that were sustained at 1 year. At 6 months, the late locomotor-training group had significantly less recovery, having received only usual care, but at 1 year had outcomes that were similar to those in the other two groups (Table 2) .
Among all participants, 57.6% reported a fall and 5.9% had an injurious fall, but there were no significant differences in falls among the three groups. Multiple falls were recorded for 34.1% of all participants and for 41.0% of those in the early locomotor-training group, 32.9% of those in the late locomotor-training group, and 27.8% of those in the home-exercise group (P = 0.07). Among participants with severe walking impairment at baseline (walking speed <0.4 m second), the proportion of patients with multiple falls was higher in the early locomotor-training group (52.0%) than in the late locomotor-training group (36.4%, P = 0.05) or the home-exercise group (30.3%, P = 0.009).
Safety
The frequency of serious adverse events did not differ significantly among the three groups (Table  3) . Minor adverse events (mostly falls) were reported by 55.9% of participants, with no significant differences among groups, except that none of the participants in the home-exercise group re- ported incidents of dizziness or faintness during exercise (0%), as compared with 7.9% of those in the early locomotor-training group (P = 0.001) and 5.6% of those in the late locomotor-training group (P = 0.008).
Discussion
In stroke survivors living in the community with marked limitations in walking, task-specific step training that included treadmill training with body-weight support (locomotor training) was not shown to be superior in improving the functional level of walking to home-administered physical therapy focused on less-intensive but progressive strength and balance training. Among all participants in all three training groups, 52% had an improved functional level of walking and clinically meaningful improvements in walking speed, 35 distance walked, 36 and steps taken in the community. Improvements in balance, activities of daily living, physical mobility, and social participation were also clinically significant. 37 Changes in scores on the Fugl-Meyer Assessment of Motor Recovery in the legs were modest. 27 Participants with initially moderate impairment and those with initially severe impairment had improvement, and the timing of the locomotor training did not affect outcomes at 1 year. In contrast with the late gains observed in patients assigned to late locomotor training, participants assigned to early locomotor training or home exercise had early gains in walking and functional outcomes (i.e., at 6 months) that were sustained at 1 year. Although Table 2 Step Activity Monitor -median no. steps per day (25th and 75th percentiles) 
1-year outcomes were similar for participants in the early and late locomotor-training groups, these results suggest that interventions at 2 months may accelerate walking gains after stroke. Locomotor training was associated with a higher frequency of minor adverse events than was home exercise, and among participants with severe impairment at baseline, those in the early locomotor training group were more likely to have multiple falls than those in either of the other two groups. The locomotor-training interventions stressed stepping and walking and did not include progressive balance-specific training. In previous studies with elderly participants, interventions aimed at improving walking ability that were not accompanied by balance training resulted in increased falls, especially in those with more severe limitations. 38 The rate of single For cases in which distributions were skewed, medians and 25th and 75th percentiles are provided. P values were derived from an analysis of variance or from Kruskal-Wallis tests of differences across the three groups. All within-group changes from baseline to 12 months were significant (P<0.001) according to the results of paired t-tests. ADL-IADL denotes activities of daily living-instrumental activities of daily living, HE home exercise, and LT locomotor training. † The Stroke Impact Scale is a measure of function (including ADL-IADL and mobility) and quality of life (participation). The ADL-IADL Scale is a single domain of the Stroke Impact Scale in which ADL is defined as the ability to take care of basic needs (e.g., dressing, bathing, and eating) and IADL is defined as the ability to perform activities that make it possible to live independently in the community (e.g., shopping and managing household chores), with 0 indicating complete dependence on others and 100 indicating the ability to live independently without difficulty. The participation domain is defined as the ability to participate in social, work, or leisure activities, with 0 indicating inability to engage in any of these aspects of life and 100 indicating full engagement all the time. ‡ The Fugl-Meyer leg test is a measure of motor function, with 0 indicating the absence of volitional movement and 34 indicating good and selective movements. § The Berg Balance Scale assesses balance in sitting, standing, reaching, shifting weight, and turning, with 0 defined as the inability to balance and 56 defined as the ability to maintain balance independently and without difficulty while performing each task. ¶ The Activities-Specific Balance Confidence Scale is a self-reported measure of confidence that activities such as walking around the house, standing on a chair to reach for something, or getting out of a car can be performed without losing balance or becoming unsteady, with 0 defined as having no confidence that the activities can be performed without losing balance and 100 as having confidence that the activities can be accomplished without losing balance.
The New England Journal of Medicine falls among all participants (57.6%) was in the range previously reported among persons who had had a stroke (43 to 73%). 3 This finding points to the need for increased management of multiple risk factors to prevent falls. 39, 40 As compared with locomotor training, home exercise requires less expensive equipment, its implementation requires a smaller number of staff members, less training is required for physical therapists, and patients are more likely to comply with the regimen. Collectively, our results suggest that home exercise is a more pragmatic form of therapy with fewer risks.
A limitation of this study is the lack of a group receiving no physical therapy for comparison with the home-exercise and locomotor-training groups at 1 year. Without such a comparison, the effectiveness of home exercise and locomotor training in achieving gains at 1 year that are greater than those attributable to usual care could not be proven. However, in a secondary finding at 6 months after stroke, participants in both early locomotor training and early home exercise had better outcomes than those who had received usual care but had not yet begun locomotor training.
Given the rapid adoption in clinical practice of commercially available lifts and robot-assisted treadmill steppers, it is imperative to compare the effectiveness of these task-specific interventions with that of less complex but structured therapies. At 1 year after stroke, our findings did not establish the superiority of locomotor training on a treadmill that included bodyweight support over home-based physical therapy that emphasized strength and balance, regardless of whether locomotor training was started 2 or 6 months after the stroke. The home-exercise program had fewer risks and may be more feasible. In addition, the rate of multiple falls among the severely impaired participants in the early locomotor-training group suggests that therapy aimed at improving balance should be incorporated into training programs designed to improve walking ability.
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